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Abstract 
Su Lige gas field is a large gas field which is discovered in China in recent years. It has the poor reservoir properties, 
low permeability and low efficiency in the process of using vertical wells development. Using horizontal wells 
development has a large oil and gas drainage area and high production capacity under the unit pressure. In this paper, 
according to the reservoir characteristics of the typical block Su 53-4 well area, by using numerical simulation 
method, we studied the optimization design problem of using horizontal wells development in detail. Mainly it 
includes the reasonable relationship between the extension direction of the horizontal wells in gas reservoir and the 
principal permeability orientation, the reasonable length and the location of the horizontal wells in the gas layer. We 
also studied the fracturing parameter optimization design of the horizontal wells. It includes the length, the number 
and diversion capacity of the fracture under the fixed horizontal wells length and the relationship between the 
direction of the fracture and the horizontal well extension direction, etc. It is very significance for the results to guide 
oil-gas field development. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
The low-permeability tight gas reservoirs have become an important natural gas supply source in
recently. However, low permeability gas reservoir properties are poor, reserves abundance is low and 
reservoirs is vulnerable. These lead to the relatively poor efficiency development. Thus, improving the gas 
producing extent of low permeability gas reservoir and the development technology level is the key to 
effective development the low permeability gas reservoirs. The main advantage of using horizontal wells 
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is increasing the gas drainage area, so that we can still increase gas production capacity under the low 
pressure difference, which has higher prodction capacity than that of vertical wells. Therefore, large 
numbers of horizontal wells is applied to develop the low permeability gas reservoirs[1]. In this paper we 
take Su 53-4 area as example and set up the corresponding numerical simulation model, and assume that 
the horizontal well fracturing have been put into production. Through simulating the various problems in 
gas reservoir by using horizontal wells, we get the beneficial results finally. 
Su 53-4 well area was divided into Shan 1 and He 8 in vertical. The average porosity of the main 
reservoir He 8 is 8.82%, and the average permeability is 0.87×10-3µm2. The reservoir physical property 
belongs to the low porosity and special low permeability characteristics. 
2. Optimization extension direction of the horizontal gas well 
The extension direction of horizontal segment in gas reservoir has a big influence on the development 
of the horizontal well[2]. To control the largest geology reserves and get high production, the extension 
direction of the horizontal wells in reservoir, the main permeability direction and principal stress direction 
should be matched reasonably. When designing well pattern we should consider the fluvial deposits 
Characteristics, sand body distribution and other factors at the same time.  
Since the Su 53-4 block principal stress direction is 60~80° north by east. The horizontal well 
deployment should be perpendicular to the formation principal stress direction, which is north-west to 
south-east best, and namely, the horizontal section direction should be paralleled to the structure line. To 
demonstrate the rationality of the horizontal section direction, we design the angle of the horizontal 
section and principal stress direction into 22.5°, 45°, 90° three simulation projects. The direction about 
horizontal wells and formation principal stress is shown in Figure 1. 
The cumulative gas production curves about different horizontal well directions are shown in Figure 2. 
From the Figure 2, when horizontal section and the principal stress direction of the formation is vertical 
(perpendicular to the direction of fracture pressure), cumulative gas production in the process of gas well 
production is always higher than the accumulation gas production when the horizontal section and 
principal stress are 45°. Therefore, combined with mathematical model results, we recommend that the 
direction of the horizontal section should be perpendicular to the formation principal stress. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Optimization of The horizontal well length  
Conventional vertical wells capacity is proportional to the product of K and h, That is, low 
permeability or thin layer will result in low productivity of horizontal wells. From the formula of 
G
reat stress 
Horizontal well 
 
Fracture 
Figure 2 Curve of the different horizontal directions 
cumulative gas production 
Figure 1 Principal stress direction and Horizontal well 
with 45°, 90° angle 
0
0.4
0.8
1.2
0 4 8 12 16
time(year)
cu
mu
la
ti
ve
 g
as
pr
ad
ct
io
n(
10
8 m
3 )
22.5°angle
45°angle
90°angle
400  Liu Dehua et al. / Procedia Engineering 18 (2011) 398 – 404 Liu Dehua/ Procedia Engineering 00 (2011) 000–000 3
horizontal well productivity, the Kh product of horizontal wells has a similar effect with the vertical wells. 
With the horizontal section length increase, the drainage area of gas wells will be improved, and also 
improve the production capacity. 
Generally speaking, the longer the horizontal section, the greater contact area of horizontal wells and 
gas reservoirs, and also the higher gas production is obtained. However, due to the friction of wellbore, 
gas reservoirs pollution in drilling process and horizontal well fracturing and acidification, the increase of 
the horizontal wells production with the length extension of the horizontal section is non-linear 
relationship. But with the extension of horizontal section, the output growth is less and less. On the other 
hand, with the extension of horizontal section, the drilling cost increases. In fact, the control areas of 
every horizontal well are limited in the well pattern, so that the reasonable length exists. Therefore, the 
determination about reasonable length of specific reservoirs will be the basis of the design of horizontal 
wells development. 
The current method of determining the length of the horizontal section is analogy, capacity formula 
and numerical simulation forecasting. Through the simulation test, horizontal length is 0.66-0.76 times of 
drainage area radius. Practice shows that this value is conservative, if the horizontal well is calculated by 
oval infiltration area, the maximum length of the horizontal segment are 22  times as that of drainage area 
radius. 
3.1. Using the capacity formula to determine the length of the horizontal section  
Based on the calculation formula about plane radial flow of vertical wells production and horizontal 
well production calculation formula by Joshi[3], considering  the reservoir damage, the contrast formula 
about production of horizontal wells and vertical wells is derived: 
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Calculating the equivalent discharge radius of horizontal wells, according to the Oval infiltration area: 
          eveveh Lrrr 2
2   
Using (1) calculates the QD of difference the length L of horizontal section, and choosing the 
corresponding length of the horizontal section that the QD increases obviously slow with the increase of L 
as the best length of the horizontal section. Through calculating, the best length of horizontal section is 
about 800m. 
3.2. Determining the length of the horizontal section by the method of numerical simulation 
Determining the length by using numerical simulation method is to obtain but change law of the 
production of the horizontal well  as the horizontal section length. And then the reasonable length is 
determined. 
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When designing the horizontal section, the key is gas thickness, the control of the economy and 
reasonable geological reserves, production capacity 
requirements and other factors. At the same time, in 
the well pattern, the limitation of a single horizontal 
well control area should also be taken into 
consideration; the result of the block reasonably 
well is 600m×1200m[4]. The length 300m, 400m, 
500m, 600m, 700m, 800m, 900m, 1000m and 
1100m of horizontal section are simulated. The 
curve of the length and the accumulative gas 
production is shown in figure 4[5]. From Figure 4, 
gas well productivity will increase with horizontal 
section length. But when the length of horizontal 
section is more than 800m, its growth rate will be 
slow down. That is, if the horizontal length is more 
than 800m, the increase of the horizontal length has 
little effect on well productivity. Therefore, a 
reasonable length should be controlled in the 800m.  
4. The position of the horizontal section in gas 
reservoirs
In a continuous spread of gas reservoirs, the 
optimization position of the horizontal section in the gas 
layer should be simulated. Effective thicknesses 14.1m 
about the He 8 section  4, 5, and 6 layers as the 
foundation, the following three positions is simulated: 
a. Horizontal wells in the upper part of gas, the top 
2m distance; 
b. Horizontal wells in the middle; 
c. Horizontal wells in the lower part of gas, the 
bottom 2 m distance. 
Simulation results are shown in Figure 5. From 
Figure 5, because there is not gravitational force effect 
in the horizontal well, and artificial fractures played a 
very good role communicating vertical sand of reservoir, 
the horizontal section in different vertical position of 
reservoirs has a small effect on the accumulative gas 
production. Overall, the horizontal section in the middle of the reservoir has the highest cumulative gas 
production, but this advantage is not obvious. 
5. Optimization about the parameters fractures of horizontal wells  
5.1. Crack length determination 
Crack length is an important factor affecting the horizontal well dynamic production. For low 
permeability reservoirs, the longer the crack, the higher the yield. But the increase rate decreases 
Figure 5 Accumulation gas curves of the horizontal 
well in reservoirs different locations 
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Figure 4  The relationship between Horizontal section length 
and the accumulation gas 
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Figure 6 Graph of different crack lengths 
schematic mechanism model 
Figure 7 Diagram of crack length and the 
cumulative gas production 
gradually. With the crack length increasing, its construction becomes 
more difficult and investment will increase. There is an optimum 
value to the particular stratum. Combined with particular reservoir 
conditions, the method of numerical simulation can be used to 
optimize the crack length. 
To study the effect of the fracturing crack length for the horizontal 
well productivity, we establish the reservoir numerical simulation 
mechanism model by using basic parameter in Su 53-4 block. The 
model size is 1200m×1200m, grid x×y×z=60×60×9, the grid step 
size DX=DY=20m, DZ=2m. the selected area of a single well control 
is 1200m×600m[4]. Two horizontal wells is deployed in central 
regional. The horizontal well length is 800m. The horizontal well 
spacing is 800m. Horizontal well is fractured and used 
depletion production, setting the initial capacity for 60000 m3/d 
and simulation time for 15 years as well. At the same time, we 
also simulate cracks number 4, direction of crack and the 
horizontal section is vertical and fracture conductivity is 30×10-
3µm3·cm[6].The established reservoir mechanism model has 
shown in Figure 6. 
The crack length 20m, 100m, 200m, 300m, 400m and 500m 
was designed. The crack length and the accumulation gas 
production relationship by simulating calculation are shown in 
Figure 7. The reasonable crack length should be 200-300m, that 
is, the crack half-length should be 100-150m From the Figure 7.  
5.2. Determination of crack direction 
Studying the crack direction by using the same method, mechanism model established by the reservoir 
is shown in Figure 2. Design fractures and horizontal section vertical and other angles, the calculation 
results are shown in Figure 3. So design crack extension direction and horizontal well extension direction 
for vertical are the best choice. 
5.3. Optimization of the fracture conductivity 
Fracture conductivity has a great effect on fractured 
horizontal well productivity when the reservoir 
permeability, crack length and crack number are sure, 
there is an optimum fracture conductivity value. 
Commonly we use numerical simulation method to 
optimize the best fracture conductivity. Research shows 
that, with the improvement of fracture diverting capacity, 
the production of horizontal wells increases [7]. But the 
increase rate gradually slowed, the best fracture diverting 
capacity is associated with the reservoir permeability. 
Using the reservoir mechanism model with crack 
length optimization scheme is the same. Designing 
fracture diverting capacity for 0, 5, 10, 15, 20, 30, 40, 50, 
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Figure 8   Diagram of Fracture flow capability and 
cumulative gas production
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60×10-3µm3·cm and comparing with the different accumulative gas production with fracture diverting 
capacity increase by numerical simulation, we optimize the suitable fracture diverting capacity. The curve 
about fracture conductivity and cumulative gas production is shown in the Figure 8. 
From Figure 8, with the increase of the fracture diverting capacity, the cumulative gas production 
increases rapidly. But when the fracture conductivity reaches to 30 × 10-3µm3·cm, the rising trend about 
cumulative gas production slows gradually. Therefore, the reasonable fracture conductivity should be 
between 20 ~ 30 × 10-3µm3·cm.  
5.4. Determination of fracture spacing 
Reasonable fracture spacing should comprehensively consider the reserves producing degree and 
ensure that the horizontal well has a high capacity. If fracture spacing is too big, there will be a loss 
reserves between the two fractures; If fracture spacing is too small, there will be a phenomenon that there 
is mutual interference between different fractures. At the 
same time, the cost was increase. There is an optimum value 
of the fracture number in the fixation length of  horizontal 
section. 
 Using the reservoir mechanism model with crack length 
optimization scheme is the same. Designing the number of 
cracks for 0,1,2,3,4,5,6, and cracks along with the horizontal 
section is evenly distributed. The corresponding fracturing 
series is 1,2,3,4,5,6. The best crack number is  determinated 
by comparing the changes about every cumulative gas 
production along with the increase of the crack numbers. 
The simulation conclusion of different project about 
crack numbers is shown in Figure 6. The curve of crack 
numbers and cumulative gas production are shown in 
Figure 9. From Figure 9, as the number of crack increases, 
the cumulative gas production also shows ascendant trend. 
But when the number of crack numbers are more than four, the up trend slows down significantly, so the 
reasonable number of cracks is four.  
6. Conclusion 
In the process that horizontal wells develop gas reservoirs, extension direction of the horizontal section, 
the horizontal length and fracturing parameters designation are the key to efficient development of gas 
reservoirs by horizontal wells. The conclusions are obtained. 
a.That the direction of the horizontal wells perpendicular to formation principal stress is the best.The 
length 800m of the horizontal segment is the best in Su 54-3 well area. 
b. Due to the fracturing operation, the vertical position of the horizontal segment in the reservoir has 
the least effect for cumulative gas production. 
c. The fracture length is the best about 300m.The extending direction of fracture is perpendicular to 
direction of the horizontal section best. The distance100-150m is the best between two fractures. Fracture 
diverting capacity 30×10-3µm3·cm is the best. 
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Figure 9 Diagram of Fracture flow capability and 
cumulative gas production 
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Nomenclature 
QD        the production ratio of horizontal wells and vertical wells 
Qgh    the production of horizontal wells 
Qgv    the production of vertical wells 
rev      radius of drainage area for vertical wells 
rwv     radius of wellbore for vertical wells 
r′eh     radius of drainage area for horizontal wells 
r′eh     radius of wellbore for horizontal wells 
Sv      skin factor of vertical wells 
Sh      skin factor of horizontal wells 
L       length of  horizontal section 
a        well spacing 
h       thickness of gas reservoir  
β       index of permeability anisotropy 
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